Rat hearts were perfused with epinephrine and/or 1-methyl-3-isobutylxanthine for 2 min. These agents raised the concentration of cAMP and increased the fraction of cAMP-dependent protein kinase (EC 2.7.1.70) in the active form. However, the content of cAMP-dependent protein kinase in the soluble fraction of homogenates of these hearts was reduced and the amount in the particulate fraction was increased. A similar redistribution was obtained by adding cAMP to homogenates of control hearts. The reduction in soluble protein kinase content was due to apparent binding of the free catalytic subunit of the enzyme to particulate material (12,000 X g pellet) in media of low ionic strength (<100 mM KCI). The amount bound was, therefore, proportional to the dissociation of the holoenzyme. The binding was not altered by prior boiling or trypsin treatment of the particulate material, but it was prevented or reversed by the addition of 150 mM KC1. The catalytic subunit of the protein kinase from heart also bound to particulate fractions from liver or Escherichia coli and to various denatured proteins. These findings suggest that the protein kinase activity of membranes and particulate fractions has frequently been overestimated, since isolation of particulate materials has usually been carried out at low ionic strength. The data also imply that intracellular translocation of the protein kinase catalytic subunit, at least in heart tissue, is of questionable physiological significance.
There has been much recent interest in the hormonal regulation of adenosine 3':5'-monophosphate (cAMIP)-dependent protein kinases (EC 2.7.1.70) (1) (2) (3) and in the protein kinase activity associated with membranes and other particulate fractions (4, 5) . We have recently reported the effects of a number of cardioactive agents on cAMP-dependent protein kinase in the perfused rat heart (6) . Activation of the heart enzyme takes place according to the equation (7): R2C2 (inactive) + cAMP R2 cAMPIP + 2C (active) [1] where R and C represent regulatory and catalytic subunits.
We found that agents or conditions that alter the intracellular cATMP concentration produced corresponding changes in the protein kinase activity ratio, i.e., the ratio of kinase activity in the absence to that in the presence of added cA.MP. It was also reported that the total protein kinase activity in the supernatant fraction from hearts was greatly reduced when the activity ratio was high. Other authors have also found a reduction in total kinase activity associated with a rise in the activity ratio and have suggested that translocation of the kinase occurs when cATMP levels are elevated in tissues (8) (9) (10) Materials. Type II-A histone (calf thymus), fraction V bovine serum albumin, horseradish peroxidase, jack bean urease, rabbit muscle aldolase, horse heart cytochrome c, and cAMP were obtained from Sigma.
[_y32P]ATP was prepared by the method of Glynn and Chappell (14) . Epinephrine was obtained as the HCl salt from Parke-Davis Co. MeBuiXan was a gift from Searle and Co.
RESULTS

Effects of Epinephrine and MeBuiXan on Protein Kinase
Activity. When hearts were perfused with either epinephrine or MeBuiXan, the protein kinase activity ratio ( Fig. 1 , hatched bars) increased but the total protein kinase present in the supernatant fraction diminished slightly (open bars). When hearts were perfused with the two agents in combination, the activity ratio rose about maximally to 0.90 but the total activity in the supernatant fraction fell to only 50-60% of that in untreated hearts.
Effects of Exogenous cAM1P on the Supernatant Protein
Kinase Activity. It was found that the decrease in total protein kinase in the supernatant fraction prepared from hearts with elevated cAMP could also be produced by addition of cAMP directly to the crude homogenate. Fig. 2 demonstrates the effect of adding increasing amounts of cAMP to a homogenate of a control heart. As the activity ratio increased, the total kinase activity in the 12,000 X g supernatant fraction decreased. When the protein kinase was completely activated (activity ratio >0.90), total activity was reduced by one-half.
Requirement of the Particulate Fraction for the cAMP-Induced Decrease in Supernatant Protein Kinase. When the super- A crude homogenate of a control heart was divided into eight portions and cAMP was added to give the indicated concentration. The portions were then centrifuged at 12,000 X g for 20 min and the activity ratio and total protein kinase activity were determined in the supernatant fractions.
natant fraction of a homogenate was separated from the particulate material prior to addition of cAMP (Fig. 3, bar B) , there was little reduction in protein kinase activity compared to the control (bar A). If, however, cAMP was added before the particulate material was removed, there was a 50% reduction in the supernatant kinase activity. This suggested that the free catalytic subunit which would be generated by addition of cAMP (see Eq. 1) was either bound or-inactivated by the particulate material.
Binding could be demonstrated, as shown in Fig. 4 , when the 12,000 X g pellet from the heart homogenate exposed to added cAMP was extracted with buffer containing 0.5 M NaCl. * Most of the protein kinase activity lost from the supernatant fraction was recovered (bar B). It can also be seen that salt, added with cAMP before centrifugation, prevented loss of protein kinase activity from the supernatant fraction (bar C). KCl was as effective as NaCl (data not shown).
As is also indicated in Fig. 4 , when the 12,000 X g particulate fractions from control hearts (bar A) were extracted with buffer containing 0.5 M NaCl, only a small, but not necessarily insignificant, amount of protein kinase activity could be extracted. This would suggest that under control conditions little protein kinase is associated with the 12,000 X g pellet.
The kinase recovered from the 12,000 X g pellet by extraction with 0.5 M NaCl was the free catalytic subunit of the cAMP-dependent protein kinase as indicated by its elution profile on Sephadex G-100 by the method described earlier (1).
Effect ofIonic Strength on the Binding of the Catalytic Subunit to the Particulate Fraction. To determine the minimum ionic strength needed to prevent the apparent binding of the catalvtic subunit to the particulate fraction, various concentrations of KCl, together with cAMP, were added to heart homogenates. As indicated in Fig. 5 , concentrations as low as 50 mM promoted recovery of the kinase in the supernatant fraction and loss was completely prevented by 150 mM KCl. The increase in kinase activity above the control level at the latter and at higher salt concentrations suggests that some catalytic * Carryover of NaCl into the protein kinase assay slightly inhibits protein kinase activity. However, the inhibition is less than 5% of the total kinase activity measured in the absence of any NaCl. CENTRIFUGATION  FIG. 3 . Effect of the particulate fraction on the protein kinase content of the soluble fraction. Several heart homogenates were each divided into three portions and treated as follows (A) centrifugation at 12,000 X g and isolation of supernatant fractions; (B) centrifugation at 12,000 X g. The supernatant fraction was then isolated and cAMP was added to give a final concentration of 1 /AM; (C) cAMP was added to give a concentration of 1 ,M.
The homogenate was then centrifuged at 12,000 X g and the supernatant fraction was separated off. Total protein kinase activity was measured in the supernatant fractions. Activity is expressed as the percent of control (portion A), which was assigned a value of 100. Each bar represents the mean ±SEM of three separate experiments.
subunit is bound to the particulate fraction even under control conditions when protein kinase has not been activated by added cAMP.
Binding of the Catalytic Subunit to Other .Mliaterials. To determine if the binding of the catalytic subunit of the protein kinase could be prevented by altering the 12,000 X g particulate material, the pellet formed by centrifugation of a crude heart homogenate was treated by either trypsin or phospholipase, or heated at 1000 and then recombined with the supernatant fraction. As seen in Table 1 , these treatments had no effect on the binding.
It was also found ( Table 1 ) that the catalytic subunit of the heart protein kinase would bind equally well to the particulate fractions prepared from homogenates of liver or E8cherichia coli, as indicated by the disappearance of the enzyme from the supernatant fraction after incubation. It can also be seen that the catalytic subunit will bind to some denatured proteins. DISCUSSION Our findings suggest that errors in the assay of protein kinase activity in the supernatant and particulate fractions of tissue homogenates may occur because of redistribution of the catalytic subunit in media of low ionic strength. If the ionic strength is below physiological, the catalytic subunit binds to the 12,000 X g particulate fraction. This binding is proportional to the amount of free C subunit and is inversely related to ionic strength up to 150 mM. Any agent or condition that produces a dissociation of the holoenzyme, RC, would cause an increase in the binding of C to the particulate fraction and thus produce a decrease in the total protein kinase activity in the supernatant fraction and an increase in the particulate fraction. If measurements were made only of the cAMPindependent protein kinase activity, the activating effect of a In B through E, 200 ,dl of the 12,000 X g supernatant fraction of a crude heart homogenate (containing approximately 200 units of protein kinase activity) were added to 10 mg of the 12,000 X g particulate fraction of a crude heart homogenate which had been treated as follows: (B) no treatment, (C) trypsin (150 jug at 300 for 10 min followed by 300,ug of soybean trypsin inhibitor), (D) phospholipase C (0.5 MAU at 300 for 10 min), or (E) heated at 1000 for 3 min. In other cases, 200 Ml of the same supernatant fraction was added to 10 mg of the 12,000 X g particulate fraction from: (F) rat liver, (G) E. coli, or, in (H) through (L), to 10 mg of the indicated protein which had been denatured by heating at 1000 for 3 min. The particulate materal was mixed with the supernatant fraction, cAMP was added to give a concentration of 1 (10) , stimulation of perfused rat liver by glucagon causes an increase in a nuclear-associated cAMP-independent protein kinase, presumably the catalytic subunit. Korenman et al. (8) reported the translocation of uterine muscle protein kinase to the particulate fraction upon treatment of that tissue with isoproterenol and have speculated that the translocation might be responsible for this agent's effect on smooth muscle contraction.
It would be attractive to postulate that translocation of the heart protein kinase is a physiologically significant phenomenon, but the fact that a physiological concentration of salt suppresses the binding in vitro suggests that it might be an artifact introduced during homogenization. The fact that heat, trypsin, or phospholipase treatment of heart particulate material does not alter the binding and that the catalytic subunit will bind to particulate fractions from liver and bacteria as well as to various denatured proteins strongly suggests that at least some of the binding is nonspecific. Since the catalytic subunit, unlike the holoenzyme, exhibits a high isoelectric point (14) , it might be expected to bind to proteins or other compounds of opposite charge in crude systems. On the other hand, it is important to recognize that the conditions of our study do not duplicate those inside a cell. It is conceivable that certain intracellular conditions could favor binding. One such factor would be the relatively very high concentration of catalytic subunit caused by activation of the holoenzyme within the limited aqueous phase of the cell. The data also do not rule out the possibility that a small percentage of the total catalytic subunit binding, undetectable by the methods used here, could be physiologically meaningful. 
